*Homo sapiens* is a social species: we organize in groups, cooperate with genetically unrelated individuals ([@ref50]), and mostly live in monogamous pair-bonding relationships ([@ref52]). From a basic evolutionarily perspective, being social can be highly adaptive, as resources for alertness and defense are shared and risk of falling prey is reduced for the individual ([@ref46]). Even in modern societies, low quality of social relationships is a crucial determinant of mortality ([@ref20]), markers of cardiovascular disease and immune system function ([@ref51]), as well as stress-related mental disorders like depression ([@ref48]). These conditions produce considerable suffering and enormous costs on healthcare systems, making knowledge on the basic mechanisms underlying the effect of social relationships essential to implement effective health policies ([@ref51]).

Social buffering is one of the basic mechanisms which explain the effect of relationship quality on health ([@ref8]). Under stress, the body undergoes a cascade of physiological responses to maintain biological homeostasis, including the activation of the sympathoadrenal and the hypothalamic-pituitary-adrenomedullary (HPA) axes, resulting in the release of (nor-)adrenaline and cortisol into the bloodstream. If stressors are sufficiently frequent, severe, or enduring, they lead to wear and tear on the body which is related to the same health conditions observed in people with low relationship quality ([@ref24]). Social support has been shown to buffer these stress-induced physiological changes in humans ([@ref49]). This effect is often attributed to high-level functions, such as granting informational, instrumental, or emotional support ([@ref8]). Still, physiological stress-buffering effects are even observed in the mere presence of a conspecific in a variety of species. This has long been taken to suggest that the effect of social support can also operate through a more basic biological pathway ([@ref3]; [@ref26]; [@ref21]).

The oxytocin system is presently the most likely biological substrate to underlie the stress buffering effect of social support ([@ref21]). Oxytocin is an evolutionarily highly conserved neuropeptide implicated in social and reproductive processes across different species ([@ref10]). Social interactions can trigger oxytocin release from the paraventricular nucleus of the hypothalamus, attenuating the HPA response in rodents ([@ref44]). This buffering effect was also observed in isolated animals after central oxytocin administration and could be eliminated with an oxytocin antagonist ([@ref44]). Moreover, several studies confirmed with opto- and chemogenetic methods that oxytocinergic activity causally attenuates the fear response ([@ref18]; [@ref17]; [@ref27]). Still, the validity of animal studies for human behavior must be interpreted with caution, as oxytocin can influence stress buffering differently dependent on species and developmental stage ([@ref10]; [@ref21]), requiring the validation in humans.

In humans, three laboratory studies have confirmed oxytocin's role in social buffering. Firstly, the combination of social support and intranasal oxytocin led to a prominent reduction of the cortisol response after the Trier Social Stress Test above the effects of social support or oxytocin administration alone ([@ref19]). Secondly, a single nucleotide polymorphism (SNP) in the oxytocin receptor gene was associated with reduced cortisol responses to psychosocial stress in the same experimental paradigm, with carriers of an adenine instead of a guanine base at locus rs53576 profiting less from social support ([@ref6]). Thirdly, a very recent study tested the effect of intranasal oxytocin and a supportive friend on the response to a virtual Trier Social Stress Test ([@ref38]). They found that participants who received both social support and intranasal oxytocin had the lowest levels of anxiety, cortisol, and autonomic activity, albeit both before and after the stress induction. Interestingly, they also reported that oxytocin led to higher perceived emotional support, raising the possibility that oxytocin's role in social buffering might be due to an increased sensitivity to social context ([@ref40]). Nevertheless, meta-analyses reported mixed results for the effect of intranasal oxytocin administration on physiological responses to threat, which is a central element in the causal chain of social buffering in animal models ([@ref4]; [@ref16]; [@ref31]). Moreover, it is unclear whether the reported association between oxytocin and social buffering has implications for psychological functioning outside the laboratory. Bringing oxytocin research to real-life settings is a necessary step to understand social buffering in humans, as the correspondence between laboratory and field studies often remains untested.

We used ecological momentary assessment (EMA) to build person-specific models of social buffering in daily life. Participants received short questionnaires four times a day over several days. This method circumvents problems with retrospective response bias and approximates biological processes more closely than classical self-reports ([@ref9]). Moreover, participants can be assessed in a variety of environmental configurations in a within-person manner, without the need to randomize them into stress/no-stress and support/no-support conditions. This can be advantageous in terms of statistical power and the elimination of interpersonal confounds introduced by randomization.

So far, most studies which tested the social buffering hypothesis in daily life relied on a single trait measurement of perceived social support, which is likely confounded with many other dispositional and socioeconomic characteristics ([@ref47]; [@ref15]; [@ref45]). Therefore, we observed not only stressors and affect, but also social context at every measurement occasion. Specifically, we asked participants whether they were alone during the prompt and how pleasant their current company was. A modulation of stress reactivity by the pleasantness of current company represents social buffering in our study. This operationalization differs from past laboratory experiments where social support was usually operationalized through the presence of a friendly individual versus being alone. The former operationalization was chosen here to accommodate that in daily life not all stress buffering social situations might be with friends and, at the same time, not all interactions with friends are necessarily stress buffering. Having a continuous measure of how pleasant people find their current social environment and testing whose stress reactivity is more strongly attenuated by increasingly pleasant social environments could sidestep the problems created by the complexity of social interactions in daily life.

In a next step, moderation of social buffering by relevant genetic polymorphisms can be used to inform the function of the oxytocin system ([@ref36]). The oxytocin receptor gene is the most promising gene in this regard ([@ref29]; [@ref13]). We chose two candidate polymorphisms based on the literature. The rs53576 is the most researched oxytocin-related SNP in humans which was previously associated with social buffering in a laboratory study ([@ref6]) and has been implicated in social cognition and behavior more generally ([@ref13]; [@ref29]; [@ref32]; but also see [@ref1]). Carriers of the A allele have been reported to profit less from social support, trust less, exhibit less sensitive parenting behavior, and have lower empathy ([@ref29]). It is located in an intronic region of the oxytocin receptor gene (i.e. not transcribed into mature mRNA) and therefore likely marks another functional polymorphism, rather than having a functional effect itself. In contrast, the second SNP, rs2268498, lies in the promotor region of the oxytocin receptor gene and is not only associated with social behavior and cognition (e.g. [@ref34]; [@ref7]) as well as social network size derived from smartphone data ([@ref39]). It has also been shown to influence oxytocin receptor density in the human brain tissue ([@ref37]) and resting-state functional connectivity between amygdala nuclei and a broad range of brain regions ([@ref54]).

Instead of separately testing the individual SNPs, we employed a haplotype-based approach ([@ref14]). While genotypes indicate gene variants at a single location on both DNA strands, haplotypes indicate gene variants at different locations on a single DNA strand. This approach builds on two facts. First, SNPs in close proximity on one DNA strand are more likely to be inherited together, leading to linkage disequilibrium, meaning the occurrence of close SNPs is correlated. As a result, for example, knowing a person's rs53576 variant can partially inform their rs2268498 variant. Second, SNPs reported in the literature are often not the functional SNPs of interest but rather mark (i.e. are correlated with) actual SNPs of interest nearby. These functional SNPs are more highly correlated with haplotypes than with the compound SNPs that make up the haplotype ([@ref53]), an approach already proven useful for the pharmacogenetics of oxytocin ([@ref5]).

We predicted that (1) the effect of stressors on negative affect is attenuated when people are in more pleasant company and that (2) this social buffering effect is moderated by haplotypes on the oxytocin receptor gene.

Methods {#sec1}
=======

Participants {#sec2}
------------

In total, 418 people participated in the EMA study, who were recruited via bulletin boards at the Ruhr-Universität Bochum (Germany). Of these, 326 gave their consent for genetic analyses and were successfully genotyped for both SNPs. A previous laboratory study reported a partial η^2^ of 0.03 for the interaction between the rs53576 and social buffering ([@ref6]), which corresponds to a product--moment correlation of *r* = 0.17 ([@ref30]). A simulation-based sensitivity analysis showed that our design had sufficient statistical power of (1 − β) = 80% to detect an effect size of *r* = 0.04 for the three-way interaction between stressors, pleasantness of social company, and haplotype (Supplementary Figure S1). This corresponds to 0.16% variance explained (given uncorrelated predictors), more than one order of magnitude smaller than the original effect ([@ref6]). We further calculated the positive predictive value for different simulated true effect sizes, which indicates the probability that a significant finding is a true positive given our study design ([@ref23]). Under the assumption of equal prior probabilities for *H0* and *H1*, the positive predictive value was above 80% for an effect size of *r* = 0.02 (around 0.04% variance explained). Details on the sensitivity analysis can be found in the supplementary material.

The final sample comprised participants between the ages of 17 and 63 (*M* = 25.07, *SD* = 8.62) of which most were female (77%) university students (78%). Other named occupations were full-time work (33%), vocational school (3%), high school (2%), no occupation (1%), or miscellaneous (1%; some participants endorsed more than one option). Nine participants never filled in questionnaires when they had social company, reducing the effective sample size for the main analysis to *N* = 317. There was no monetary incentive. University students could receive partial course credit. This method section partly overlaps with a previous paper on the same participants ([@ref41]) which addressed a distinct research question.

Materials and procedure {#sec3}
-----------------------

### Genotyping {#sec4}

During an initial laboratory session, saliva samples for DNA extraction were collected. Detailed information on the procedure can be found in the supplementary material. For rs2268498, 30% were T/T, 50% were T/C, and 20% were C/C carriers. For rs53576, 8% were A/A, 46% were A/G, and 46% were G/G carriers. No deviation from Hardy--Weinberg equilibrium was observed for both genotypes: rs2268498: χ^2^(1) = 0.08, *P* = 0.821, and rs53576: χ^2^(1) = 1.60, *P* = 0.245. The two SNPs were in strong linkage disequilibrium, r = 0.52, D' = 0.70, χ^2^(1) = 176.87, *P* \< 0.001.

### EMA {#sec5}

The assessment took place in form of a stratified randomized sampling design over five consecutive days in a first wave (*N* = 158) and four consecutive days in a second wave (*N* = 168) to simplify recruitment. Participants were asked to complete a 5 min survey four times each day, with one random prompt within each of the following fixed intervals: 11.15--12.15 h, 14.00--15.00 h, 17.45--18.45 h, and 21.30--22.30 h. During the four intervals, participants received an e-mail from the online platform 'Unipark' with a link to the EMA questionnaire and the request to answer the questions promptly. Participants were informed about the procedure during the laboratory session. They could delay their response if it was received in a situation where responding was inconvenient. Participants had to possess a smartphone which could notify them when they received the e-mail. They were informed about the importance to honestly fill out as many questionnaires as possible in a timely manner. Compliance was high, with participants returning on average 82% of the questionnaires (*SD* = 23%, range: 10--100%).

Nine percent of individual questionnaires were removed because less than 50% of items were completed or time to the preceding questionnaire was below 15 minutes, as questionnaires were not deactivated after their designated time frame. Hence, the time between two questionnaires could be as short as 16 minutes, which is still within the recommended boundaries in EMA research ([@ref12]). These procedures resulted in 4905 usable questionnaires. Of those, 2868 were filled in while in social company, representing the effective number of questionnaires for the main analysis.

### Measures {#sec6}

The questionnaires included scales on stressors and negative affect. Momentary negative affect was measured with nine items (see below) from the German version of the Positive and Negative Affect Schedule ([@ref28]).

Previously, we conducted a two-level exploratory factor analysis for ordered categorical indicators on the items for both positive and negative affect (see the supplements of [@ref41]). The analyses suggested the extraction of two factors at both the within- and between-person levels, with acceptable fit indices and clear simple structure after discarding one item. Therefore, this item (exhausted) was not included in the scale value. Reliability estimation for the resulting negative affect scale (distressed; upset; guilty; hostile; irritable; ashamed; nervous; afraid) at the between- and within-person level yielded satisfactory coefficients, indicating high reliability of negative affect measures, ω~within~ = 0.80 and ω~between~ = 0.95. The ω-coefficient is a measure similar to Cronbach's alpha but has many theoretical and statistical advantages ([@ref11]; [@ref42]).

Stressors experienced in the preceding hour were measured with seven items regarding different life domains such as task demands or interpersonal events ('I would rather do something else,' 'I have to make an effort,' 'I was not successful in my activities,' 'Something I have done was devalued by another person,' 'I attended to my tasks only reluctantly,' 'I had a conflict with another person,' 'I completed tasks where I could not afford to make any mistakes'). No factor analysis was conducted on these items, as they capture the occurrence of different mostly independent events which are not necessarily correlated.

At every prompt, participants had to indicate whether they were alone. If they were alone, they had to further indicate whether they would rather like to have company. If they were not alone, they had to indicate how pleasant they find their current company.

Except for the item on whether they were alone, participants responded to all items on a visual analogue scale (range: 0--100), with level of agreement as scale anchors. For each measurement occasion, the items for stressors and negative affect were averaged into a single momentary scale value, respectively. Descriptive statistics for the self-report measures within and between individuals are presented in [Table 1](#TB1){ref-type="table"}. Means and standard deviations for self-report measures by genotype can be found in Supplementary Table S1. Correlations between haplotypes, gender, age, and self-report measures can be found in Supplementary Table S2.

###### 

Descriptive statistics for the self-report measures within and between individuals

  Measure                       *M*     *SD~within~*   *SD~between~*   1               2               3          4               5
  ----------------------------- ------- -------------- --------------- --------------- --------------- ---------- --------------- --------------
  1\. Negative affect           11.14   9.99           8.90            1               0.67^\*\*\*^    0.12^\*^   −0.41^\*\*\*^   0.31^\*\*\*^
  2\. Stressors                 20.88   14.51          7.63            0.43^\*\*\*^    1               0.04       −40^\*\*\*^     0.35^\*\*\*^
  3\. Alone                     0.42    0.46           0.19            0.06^\*\*\*^    0.08^\*\*\*^    1          ---             ---
  4\. Pleasantness of company   85.30   19.90          9.95            -0.22^\*\*\*^   -0.31^\*\*\*^   ---        1               ---
  5\. Need for company          24.15   25.12          16.34           0.16^\*\*\*^    0.13^\*\*\*^    ---        ---             1

*Note.* The correlation matrix shows Pearson correlation coefficients within participants below the diagonal and between participants above the diagonal. Correlations between variables 3 and 5 are not possible, as either variable 4 or 5 was assessed, depending on the response to variable 3. For the same reason, variables 4 and 5 contain fewer observations than the remaining variables 1--3.

^\*^ *P* \< 0.05, ^\*\*^*P* \< 0.01, ^\*\*\*^*P* \< 0.001.

Statistical analyses[^1^](#fn1){ref-type="fn"} {#sec7}
----------------------------------------------

The data had a hierarchical structure with measurements (level 1) nested within days (level 2) and nested within participants (level 3). Multilevel analyses were conducted in R (version 3.5.1) using the package 'nlme' to accommodate the dependencies in the data, with a first-order continuous time autoregressive (CAR1) covariance structure on level 1. Level-1 predictors were centered on the person mean, so they represent pure within-person effects. We included random slopes between participants for level-1 predictors if they significantly improved model fit ([@ref33]), which was generally the case for stressors and pleasantness of present company. The random slope for their interaction effect was not included, as this model did not converge.

The effect of the oxytocin receptor gene was tested with a haplotype trend regression ([@ref53]), following the procedure and R code described in [@ref14]). With two biallelic polymorphisms, four haplotypes exist, TA, TG, CA, and CG, with the first letter indicating the rs2268498 variant and the second letter indicating the rs53576 variant. We reconstructed haplotype probabilities with the expectation maximization-based function 'haplo.em()' of the R package 'haplot.stats' (v1.7.9, [@ref43]). Then, each individual was assigned the conditional expectation for the four haplotypes, given their genotype, using the 'HapDesign()' function published in [@ref14]). This approach creates four variables which indicate the expected number of a given haplotype for each individual. As the procedure estimates the 'expected' number of a haplotype for a given individual, values on these variables do not have to be whole numbers (0, 1, 2), but can also be real numbers (e.g. 0.05, 0.95, 1.87), incorporating the uncertainty in reconstructing haplotypes in some individuals. The relative frequencies of the estimated haplotypes were TA = 5%, TG = 50%, CA = 26%, and CG = 19%.

The effect of haplotype on social buffering was first assessed with an omnibus test. We compared two models with and without the three-way interactions between haplotypes, stressors, and pleasantness using a likelihood ratio test. Both models included haplotype main effects and two-way interactions between haplotypes, stressors, and pleasantness. Only three haplotype variables were included, as the presence of the fourth haplotype is completely determined by the rest, leading to perfect collinearity. For example, we arbitrarily excluded the CG haplotype. When the other three haplotype variables are zero for an individual, she/he must have two versions of the CG haplotype. Statistical results are identical, regardless of which haplotype variable is omitted.

After the omnibus test, we conducted separate regression with only one of the four haplotype variables in the model, respectively. Equations for these models can be found in the supplemental online material. Model equations for the omnibus test were identical, except they included three instead of one haplotype variable.

To check for robustness, we repeated significant genetic models while controlling for gender and age. In gene--environment interaction studies, appropriate control for covariates involves the inclusion of covariate--environment and covariate--gene interactions ([@ref25]). To adapt this logic to our three-way interaction scenario, we included the interactions covariate--stressors--pleasantness, covariate--stressors--haplotype~i~, covariate--pleasantness--haplotype~i~ as well as all two-way interactions and the main effects contained in these interactions (*i* indicates the respective haplotype variable, e.g. the conditional expectation for TC). As our main model included 3 haplotype variables, controlling for 2 covariates adds a total of 26 fixed effects. In the separate regressions with only 1 haplotype per model, it adds 12 fixed effects. This might limit the statistical power of our design and should be interpreted with caution.

Results {#sec8}
=======

Social buffering {#sec9}
----------------

Negative affect was predicted from stressors, the perceived pleasantness of current social company, and their statistical interaction. Negative affect increased with higher stressor ratings ($\documentclass[12pt]{minimal}
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}{}${\gamma}_{300}$\end{document}$ = −0.002, *SE* = 0.001, 95% CI = \[−0.003, −0.000\], *P* = 0.006). For a 10-point increase in pleasantness, the effect of stressors decreased by 7.13% ([Figure 1A](#f1){ref-type="fig"}).

![Effect of social buffering with 95% confidence bands. (A) Moderation of stress reactivity by pleasantness of current company. (B) Moderation of stress reactivity by being alone.](nsaa034f1){#f1}

We assumed that the quality of social company is crucial for social buffering to occur, which has even been shown for non-human species ([@ref26]). For example, being among strangers in a train station seems unlikely to buffer against the consequences of prior stressful events. We tested this assumption by including the binary item indicating whether people were currently alone in the model above, instead of pleasantness of social company. As expected, there was no significant interaction between being alone and stressful events ([Figure 1B](#f1){ref-type="fig"}), despite our study being well-powered to detect within-person effects ($\documentclass[12pt]{minimal}
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}{}${\gamma}_{200}$\end{document}$ = 0.83, *SE* = 0.30, 95% CI = \[0.24, 1.41\], *P* = 0.006), but even the upper limit of the confidence interval indicates only a 1.41-point increase in negative affect when people were alone, representing a practically not meaningful effect size.

Genetic moderation {#sec10}
------------------

Overall, the oxytocin receptor haplotype moderated stress buffering. Model fit improved significantly when the three-way interactions between haplotype, stressors, and pleasantness of current social company were included (χ^2^(3) = 10.81, *P* = 0.013). Controlling for gender and age led to similar results (χ^2^(3) = 8.87, *P* = 0.031). In contrast, the statistically not significant interaction between stressors and being alone was not modulated by oxytocin receptor haplotypes (χ^2^(3) = 3.72, *P* = 0.293).

We conducted separate regressions for the four haplotypes to further investigate their specific association with social buffering ([@ref14]). Each model tested whether the expected number of copies of a given haplotype moderates the interaction between stressors and pleasantness of current company. We found that in carriers of the CG haplotype, the social buffering effect was significantly less pronounced than in the remaining haplotypes, regardless of whether an uncorrected alpha or a Bonferroni--Holm-corrected alpha was employed (lowest α = 0.013): CG: $\documentclass[12pt]{minimal}
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[Figure 2](#f2){ref-type="fig"} depicts the social buffering effect (i.e. the stressor--pleasantness interaction) for groups with one copy of the respective haplotype. Estimates were calculated from the four models reported above by adding the estimate of the haplotype--stressor--pleasantness three-way interaction to the estimate of the stressor--pleasantness two-way interaction. The dashed reference line marks the social buffering effect in the model without the haplotype variables, while a value of zero means there is no stress buffering. Note the average social buffering effect is close to the effects of TG and the CA groups, because they made up 75% of the haplotypes. Effect estimates from the model were multiplied with minus 1 for ease of interpretation, thus more positive values indicate a stronger social buffering effect. The figure again shows that CG carriers exhibited no social buffering effect: Their social buffering effect is not significantly different from zero and slightly goes into the opposite direction, reflecting an exacerbated stress response during pleasant company, albeit with a negligibly small effect size.

![Social buffering effects for individual haplotypes with 95% CIs. Large positive values indicate a strong social buffering effect. Social buffering corresponds to the interaction effect of stressors and pleasantness of social company on negative affect. Estimates and standard errors are calculated from regression models and represent the predicted stressors--pleasantness interaction for individuals who have exactly one copy of the respective haplotype.](nsaa034f2){#f2}

Only individuals with a copy of the TG or the CA haplotype exhibited a stress buffering effect significantly different from zero. Interestingly, the estimates of those two haplotypes are practically identical. Their similarity, together with their substantial frequency, explains why neither TC nor CA had a significantly different social buffering effect on its own when compared to the remaining three haplotypes. Notably, the parameter estimate for the TA carriers was similar to the CG group but very imprecise as the haplotype was relatively rare, with only 33.29 expected carriers of 1 copy and no carriers of 2 copies.

We repeated the analyses above after employing criteria for careless responding ([@ref34a]). We excluded participants who returned less than a third of questionnaires and either had a within-person standard deviation smaller than 1 or a negative within-person Cronbach's alpha on negative affect ([@ref41]). This procedure reduced the sample to 275 participants. All results remained identical to those reported above in terms of statistical significance.

Lastly, we tested whether the two SNPs significantly moderated social buffering on their own with a classic genotype approach. We recoded the trichotomous genotype variables into two variables, respectively, using a Helmert regression coding system. Identical to the omnibus test procedure above, we compared a model including genetic three-way interactions against a model with only lower-order terms, separately for the two SNPs. Both SNPs significantly moderated social buffering, even after Bonferroni--Holm correction (lowest α = 0.025): rs2268498: χ^2^(2) = 9.38, *P* = 0.009 and rs53576: χ^2^(2) = 6.23, *P* = 0.044.

Alternative genetic explanations {#sec11}
--------------------------------

The relationship between the oxytocin system, social behavior, and stress processing is complex and still contested ([@ref2]; [@ref40]). Therefore, several alternative perspectives on the role of oxytocin exist. First, oxytocin receptor SNPs might directly affect the stressfulness of the environment (gene--environment correlation) or the perceived pleasantness of social interactions. We tested these hypotheses and found that haplotypes did not significantly predict stressors (χ^2^(3) = 5.70, *P* = 0.127) or pleasantness of social company (χ^2^(3) = 0.18, *P* = 0.981). As the CG haplotype had a significant effect on social buffering, we specifically explored its effect *post hoc*. The CG haplotype was not associated with the perceived pleasantness of social company $\documentclass[12pt]{minimal}
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}{}$({\gamma}_{001}$\end{document}$ = 2.03, *SE* = 0.90, 95% CI = \[0.26, 3.79\], *P* = 0.025; Supplementary Figure S3). People with one CG copy reported more intense stressors than people without the CG haplotype by 2 points on the 100-step scale. This analysis was exploratory and conducted after an effect of the CG haplotype on social buffering had been observed on the same data and should be interpreted with caution.

Moreover, the oxytocin system might be related to the need to seek out social support under stress. When our participants were alone, they indicated to what degree they would rather not be alone (range: 0--100). Experiencing stressors increased the need to spend time with other people substantially $\documentclass[12pt]{minimal}
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}{}$({\gamma}_{100}$\end{document}$ = 0.23, *SE* = 0.05, 95% CI = \[0.14, 0.33\], *P* \< 0.001), but this effect was not modulated by haplotype (χ^2^(3) = 3.16, *P* = 0.337).

Discussion {#sec12}
==========

The oxytocin system is among the most promising targets to understand neural foundations of social behavior and cognition, bearing great potential for both basic and applied psychiatric research. Nevertheless, in humans, the specific role of the oxytocin system in these areas is still highly contested (e.g. [@ref2]; [@ref40]). Although animal research offers clear evidence for oxytocin's role in the stress-buffering effect of social support, studies in humans are relatively sparse ([@ref19]; [@ref6]; [@ref38]). Using a combination of genetic and momentary assessment methodology, we show that social buffering of stress-related negative affect occurs in daily life through the pleasantness of social company and is associated with variants of the oxytocin receptor gene. Our findings not only expand basic research on social buffering and confirm the laboratory studies in humans on the modulating effect of oxytocin but most importantly demonstrate that variability in the oxytocin system has implications for life as it is lived outside the laboratory.

In our study, participants expressed a higher need for social company after stressful events. Their response to stressors was attenuated when they had pleasant company, but this social buffering effect was absent in carriers of the CG or the TA haplotype, although only the former effect was statistically significant due to the low frequency of TA carriers. Moreover, our data suggests that this effect is robust when potentially careless responders are excluded and gender and age are controlled and cannot be attributed to genetic effects on the perception of social company or a different tendency to seek out social support after stressful events.

We created haplotypes based on two promising candidate polymorphisms. The A allele of the rs53576 has been associated with lower empathy, relative insensitivity to social support, and lower trust ([@ref29]). For the rs2268498, the C allele is associated with higher oxytocin receptor density in the human brain tissue ([@ref37]). Although it could be expected that higher receptor density leads to a higher sensitivity to social stimuli, higher sensitivity is actually observed in carriers of the T allele (for a discussion see [@ref37]). In contrast, our haplotype-based pattern suggests that no specific variant on the two SNPs induces a higher sensitivity to social support. Rather, haplotypes containing only one behavioral sensitivity allele---TG or CA---were the only groups which exhibited a social buffering effect. This finding implies effects of unobserved polymorphisms which can be uncovered with a haplotype-based approach. Notably, our haplotype effects do not correspond to the haplotypes which influenced the sensitivity to intranasal oxytocin in the study by [@ref5]), which employed a wider range of SNPs. A replication of our study with their selection of SNPs might be of interest here.

Although we used a (micro-)longitudinal design, it is crucial to note that the data is still correlational in nature. Prior experimental research has demonstrated a causal effect of social support on stress reactivity ([@ref49]), but we cannot rule out that stressful environments simultaneously attenuate the positive effect of pleasant social company. Furthermore, regardless of a large age span, our sample consisted mainly of female university students and is therefore not representative of the general public. Also, statistical power is a critical issue in genetic research, as true effect sizes are likely to be small. Our sensitivity analysis attested adequate power to detect an effect size one order of magnitude smaller than the effect size previously reported by the, to our knowledge, only published study on the effect of oxytocin receptor genetics on social buffering in humans ([@ref6]). Moreover, the probability that a significant finding from our design reflects a true positive crosses 80% when assuming a true variance explained as small as 0.04%. Nevertheless, more research is needed to inform expected effect sizes for complex haplotype interactions in micro-longitudinal studies such as ours. Lastly, our operationalization of social buffering via continuous ratings of the pleasantness of current social context differs from past self-report studies, which usually employed a single questionnaire of perceived social support, and past laboratory studies, which usually compared the supportive presence of another individual to absence. As one reviewer pointed out, a comparison between pleasant company versus unpleasant and no company would mirror laboratory studies more closely. Because we employed a unipolar rating for pleasantness, we cannot confidently say below which cutoff social company was perceived as unpleasant to test these comparisons. Technically, all ratings above zero should reflect pleasant company. An operationalization which distinguishes between these three groups should be considered in future studies, while we do advocate to also include continuous measures of social context to retain sufficient information on situational valence, as supportive contexts are more complex and multifaceted in daily life. Notably, simply not being alone had no effect on social buffering, which is not surprising, given that social interactions can also be the reason for stressful experiences. Still, it is not completely clear from the data whether people interpreted being among strangers as being alone.

We used two well-researched SNPs, one with proven functional effects, to probe the involvement of the oxytocin system in the responsiveness to social company under real-life stress. This focus on only two SNPs with a strong empirical basis has the advantage of not diminishing statistical power with the correction for a large number of statistical tests. In future studies, predictive power could be increased by following a gene-set approach incorporating multiple variants of genes of theoretical interest, e.g. by applying machine learning and cross-validation techniques to gene variants related to the oxytocin system ([@ref13]). Given adequate sample size, such approaches could provide a means for theory testing and increased effect sizes. Combining large-scale genetic data with digital phenotypes, created from behavioral smartphone data, might be particularly promising here ([@ref22]; [@ref35]). This approach can be used to investigate the interaction between social network characteristics and the oxytocin system ([@ref39]), which is another central determinant of health, complementary to the concept of social support ([@ref8]).
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